ABSTRACT The classical polygenic theory of inheritance postulates a large number of genes with small, and essentially similar, effects. We propose instead a model with genes of gradually decreasing effects. The resulting phenotypic distribution is not normal; if the gene effects are geometrically decreasing, it can be triangular. The joint distribution of parent and offspring genic value is calculated. The most readily testable difference between the two models is that, in the decreasingeffect model, the variance of the offspring distribution from given parents depends on the parents' genic values. The more the parents deviate from the mean, the smaller the variance of the offspring should be. In the equal-effect model the offspring variance is independent of the parents' genic values.
ABSTRACT The classical polygenic theory of inheritance postulates a large number of genes with small, and essentially similar, effects. We propose instead a model with genes of gradually decreasing effects. The resulting phenotypic distribution is not normal; if the gene effects are geometrically decreasing, it can be triangular. The joint distribution of parent and offspring genic value is calculated. The most readily testable difference between the two models is that, in the decreasingeffect model, the variance of the offspring distribution from given parents depends on the parents' genic values. The more the parents deviate from the mean, the smaller the variance of the offspring should be. In the equal-effect model the offspring variance is independent of the parents' genic values.
In the classical polygenic model of inheritance, the contributions of a large number of loci with small but similar effects are summed to produce a phenotypic distribution that is approximately normal (for exact conditions, see ref. 1). It seems more plausible to assume that the contributions of the loci are unequal, with a few major genes and a larger number of minor genes. Indeed, it may not be an exaggeration to suggest that every locus contributes in some way to any given quantitative trait, although the effects of most loci are vanishingly small. An example of unequal gene contributions to a continuously varying trait is heading time in wheat, for which one locus was detected that accounted for about 80% of the additive variance in the trait, and three other loci that jointly accounted for about 14% of the additive variance. The remainder presumably represents the contributions of genes of even smaller effect (2) . The common observation of unequal response of different lines to selection for a quantitative trait may be explained in some cases by segregation of major genes of a polygenic character (3) . Because the individual genes contributing to a quantitative trait affect the phenotype in different ways, it is not surprising to find their contributions unequal. For example, in Drosophila, wing size is associated predominantly with variance in cell number and to a lesser degree with cell size (4) .
We assume an infinite number of loci, each with two possible alleles An, Bn; the two alleles actually present at each locus are assumed independent of each other and of the alleles at the other loci. The genetic contributions are additive without dominance, Xn representing the contribution of the paternal allele and Yn the contribution of the maternal allele at the nth locus. The loci are not assumed to have equal effects; the contributions of each allele at the nth locus are 6n + an from An (probability Pn), n -an from Bn (probability 1 -Pn) (an > 0). 6n is so chosen that the means of Xn and Yn are zero: n= (1 - (Fig.   1 ).
Joint distribution of parents and offspring Assume pn = 1/2 (all n) and an = -2(n+l), other assumptions as above. The joint distribution of the genic values of two parents (G, G') and one child (GC), assuming random mating, can be computed explicitly by using characteristic functions. We will show that the conditional distribution of offspring genic value, given the parents' genic values, is trapezoidal. Most important, the genic variance of the offspring is not independent of the parents' genic values, and this constitutes a major difference from the classical "polygenic" model.
Let the contribution of the father's paternal allele at the nth locus be Xn (= ±2-(n+l)) and that of his maternal allele be Yn; the same quantities for the mother will be called X, and Y'. The contributions of the child's paternal and maternal allele will be It follows that the conditional distribution of offspring genic value given the parents genic values is trapezoidal (Fig. 2) , in which ,u = 1/2(G + G') is the mean of the offspring distribution;l s = 1/2(1-IGI) and s' = 1/2(1 -IG'I ). Similarly, the density of the random variable (G,G") is max[O,1 + min(x3 -x1,x3,0) -max(x3 -x1,x3,0)] (Fig. 3) .11
Nonhomoscedasticity of offspring variances
The variance of the offspring distribution from given parents is '/3[s2 + (s')2]. In the classical polygenic model, the variance of offspring genic value does not depend on the parents, because of the assumption of multivariate normality. The nonhomoscedasticity of the new model is its most distinctive and readily testable feature. The more the parents deviate from the mean, the smaller the offspring variance should be. In this respect the model behaves as if there were a small number of loci (12) .
The correlation between within-sibship variance and an estimator of familial deviation from the mean has been proposed, as a method of detecting major locus effects, by Fain (13) and by Smith et al. (14) . In order to estimate familial deviation from the mean, Smith et al. use the phenotypic values of the parents; Fain uses the within-sibship mean itself. The latter measure has the advantage that data on only one generation is needed; it turns out, however, to be less powerful for testing the decreasing-effects model (see below).
It is possible to calculate exactly the theoretical correlation, be rather specific for some partitionable aspects of the disorder (e.g., catatonia, paranoid features, or some aspect of blood chemistry, brain protein, or neurophysiology); such possibilities would then encourage both formal segregation analyses and searches for linkage relationships to known genetic markers, but for facets of the syndrome." (ref. 15 , p. 520).
